Introduction
Two-phase flow situations occur in majority of problems concerned with geophysics, plasma physics, petroleum industry and magneto-fluid dynamics. Recent literature shows certain experimental as well as analytical investigations on different aspects of two-phase flow phenomena. Shail [1] analyzed the viscous fluid flow between a pair of horizontal insulating plates in which there was a layer of nonconducting fluid bounded by the conducting fluid and upper wall of channel. Malashetty and Umavatti [2] studied the two-phase flow enclosed by an inclined channel with heat transfer where one-phase electrically conducting. Kumar et al. [3] investigated the two-fluid mixed laminar flow of conducting fluid in a vertical channel with magnetic field and heat transfer. In another study, Abbas et al. [4] observed velocity and thermal slip effects on two-phase viscous fluid in the presence of heat transfer through an inclined channel. Recently, Hasnain et al. [5] presented the numerical solution on the flow of viscous and non-Newtonian (third grade) fluids through porous medium within an inclined channel.
The flow as well as heat transfer of the fluid by means of channels is of great significance because of their large range of applications in technology and engineering. These applications are established in the areas like geothermal energy removal, microfluidic devices, oil excursion, extrusion of polymer fluids, surface sublimation and binary gas diffusion. There are a variety of fluids that happens to be essential from the industrial perspective whose characteristics are not successfully described by the Navier-Stokes equations and termed as non-Newtonian fluids. In literature, various models are proposed because of the intricacy of such kinds of fluids. However, the micropolar fluid model is regarded as notable. The concept of the micropolar fluid comes from the fluid flows consisting of rotating micro-elements. In micropolar fluids, coupling among spin of each particles along with macroscopic velocity field is considered. This concept is useful to describe the flow of liquefied crystal, polymeric liquids, colloidal fluids and animal blood. Initially, Eringen [6] introduced the concept of micropolar fluids and developed new material parameters, one extra independent vector field (the microrotation) and new constitutive equations which should be solved simultaneously with the classical equations for Newtonian fluid flow. In addition to micropolar theory sometimes called microstructure theory, Eringen [7] continued his investigation by considering heat conduction and heat dissipation effects. Fully developed flow of viscous and micropolar fluids in a channel was studied by Kumar et al. [8] . Sibanda and Awad [9] considered laminar flow of a micropolar fluid along a channel and found an analytical solution. By using homotopy perturbation method (HPM), Sheikholeslami et al. [10] studied micropolar fluid flow through porous channel in the presence of heat transfer. Recently, Tetbirt et al. [11] did numerical analysis of convective heat transfer of micropolar and viscous fluid flow in vertical channel with constant magnetic field.
The leading industrial developments of present century are affected by the nanotechnology, and consequently the researchers are attracted towards the study of nanofluids. Water, paraffin oil, ethylene glycol, kerosene and grease are some fluids which are poor conductors of heat. But thermal conductivity of such fluids has substantial impact on heat transfer phenomena. To raise the thermal conductivity of these fluids, Choi [12] proposed solid particles that are suspended in such type the fluid. The size of these particles is approximately 10-100 nm in diameter and because of their tiny size they are considerably stable as well as without additional challenges of pressure drop, sedimentation, erosion and non-Newtonian behavior. In another study, Choi [13] noticed that the fluid's thermal conductivity increased nearly two times with the insertion of nanoparticles even though their volume is less than 1%. The heat transfer analysis of nanofluid flow through a channel with various assumptions has been carried out by several authors. [14] [15] [16] [17] [18] [19] [20] .
The recent development in the area of heat transfer is the investigation of entropy generation which goes back to Clausius and Kelvins who studied the irreversibility features of second law of thermodynamics. Though, the entropy generation as a consequence of temperature difference stayed neglected by classical thermodynamics. Second law of thermodynamics includes designs of thermal devices associated with the concept of entropy generation as well as its optimization. The factors which affect the generation of entropy are viscous effects, magnetic effects and heat transfer towards lower thermal gradient etc. The entropy generation is involved in various energy pertinent systems like cooling of advanced electrical systems, heat exchangers, geothermal energy system, solar power collectors, energy storage systems and pipe networks. Das and Jana [21] investigated the effects of magnetohydrodynamic flow of viscous fluid in a porous channel with entropy generation. Das et al. [22] discussed the entropy generation in MHD nanofluid flow in a vertical channel by considering three different types of nanoparticles. Ibáñez [23] examined the effects of convective boundary condition on entropy generation of electrically conducting viscous fluid in a channel along hydrodynamic slip. Chen et al. [24] analyzed the entropy generation on flow of 2 3 2 Al O H O  nanofluid through channel numerically. Falade et al. [25] considered the flow of couple stress fluid within a channel using entropy generation.
The present study aims to investigate the entropy generation analysis on mixed convective twophase flow of an electrically conducting micropolar and nanofluid in an inclined channel. We also considered the convective boundary conditions at the thermal heated walls. In phase I of the channel, we considered micropolar fluid by taking a constant magnetic field, whereas phase II is filled with water-based Ag magnetic nanoparticles. Numerical solutions of the coupled ODE's are constructed using shooting method with Runge-Kutta scheme.
Formulation of the problem
Consider laminar flow of two immiscible fluids enclosed in a channel expanding in x  and z  
The thermophysical properties of water and nanoparticle are given in Table 1 . Liquid and nano particles The following boundary and interface conditions on velocity with continuity of shear stresses at the interface are proposed as
and the following convective boundary and interface conditions on temperature with the continuity of heat fluxes at the interface are
where * i h are coefficients of convective heat transfer for each plate of the channel.
It is further supposed that 11 
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Here Gr,Br, Re, , MP are the Grashof number, Brinkman number, Reynolds number, Hartmann number and nondimensional pressure gradient, respectively, 1 u is the average velocity.
The flow equations, after utilizing the above nondimensional quantities become Phase I   
The velocity, temperature conditions (7) and (8) 
Entropy Generation
Entropy generation occurs due to non-equilibrium conditions which appear by virtue of energy exchange, magnetic field as well as momentum within the fluid and at the walls of the channel. In the absence of viscous dissipation, heat transfer and magnetic effects are the components of entropy generation. The volumetric rate of entropy generation for incompressible micropolar fluid is given as 
and the volumetric rate of entropy generation for incompressible nanofluid is given as 
The dimensionless form of Eqs. (18) and (19) 
The first two terms on R.H.S. of Eq. (23) represent entropy generation caused by heat transfer and the last two terms express the entropy generation due to magnetic field. With a purpose to analyze the dominance of heat transfer irreversibility on irreversibility due to magnetic field and vice versa, Bejan number Be is defined as [22] entropy generation due to the heat transfer entropy generation num Be . ber  The heat transfer irreversibility dominates when Be 0.5  and magnetic field irreversibility is dominant when Be 0.5. 
Results and discussion
Numerical solution of Eqs. (11)- (15) subject to the boundary conditions (16) and (17) is obtained using shooting method to exhibit the physical understanding of the flow problem under the influence of various flow parameters. The algorithm of the numerical scheme is given in Fig.2.Figs. 3-6 Bi 0 and Bi 0   means that both the walls of channel are thermally isolated and no heat transfer occurs whereas 12 Bi and Bi     correlate to the situation when each ambient temperature and that of fluid at the wall are equal. Furthermore, the heat flow from the walls of channel to ambient temperature increases as Biot number increases which leads to the decrement in temperature of fluid. number Ns and decrease in Bejan number Be is observed with hike in magnetic parameter . M Fig. 8 demonstrates this phenomena, whereas the variation in entropy generation within the channel for micropolar fluid is lesser than nanofluid (see Fig. 8(a) ). Fig. 10 . This Fig. reveals that with the increase of Brinkman number the rate of entropy generation increases, conversely, the decrement in Bejan number is noted. Physically, Brinkman number represents heat generation source therefore in the layers of moving fluid, heat is generated. Hence entropy generation is increased in the channel due to this heat generation along with heat transfer at the walls.
Tables 2 presents the change in fluid velocity as well as fluid temperature with in the channel with an increase in the inclination of the channel. It can be noticed from the table that an increase in the inclination angle leads to decrease velocity along with the temperature of the fluid. The effect of dimensionless pressure gradient on velocity and temperature profiles is presented in table 3. One can observe that a hike in both fluid velocity and temperature is produced with the increasing values of . P The tables also show that the flow field for the micropolar fluid in larger than that of nanofluid. 
Concluding Remarks
In this study, an entropy generation analysis is performed due to mixed convection and magnetic field in an inclined channel for the flow of two non-miscible fluids with convective boundary conditions. The two fluids taken in the study are non-Newtonian (micropolar) fluid and Newtonian base-nanofluid. The numerical solutions of the transformed ordinary differential equations are found by shooting technique. The outcomes of the study can be sum up as follows: 
